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Description
[0001] The present invention relates to a guiding sys-
tem for a surgical robotic system, allowing the guiding of a

tool by the surgical robotic system.

GENERAL TECHNICAL FIELD AND PRIOR ART

[0002] Surgical robotic systems are frequently used
during surgical interventions, in order to assist a surgeon.
The surgical robotic system may guide the positioning
and orienting of a surgical tool for the surgeon.

[0003] The surgical robotic system comprises a surgi-
cal robotic arm, comprising an end effector holding a tool
guide. The tool guide is to be placed with a given position
and orientation relative to a surgical target. The surgeon
can couple a surgical tool to the tool guide so that once
the tool guide is placed relative to the surgical target, the
surgical robotic system assists the surgeon in the guiding
of the tool. Thus, the surgeon may maneuver the surgical
tool with the right position and orientation relative to the
surgical target during the surgery.

[0004] The surgeon may use the surgical robotic sys-
tem in order to drill one or several holes into one or
several bones of a patient, and then to implant a screw
into each respective drilled hole. The surgical target
corresponds to a specific position and orientation of
the hole to be drilled on a bone such as a vertebra, or
a fractured bone of the patient. For example, in spine
surgery, several surgical targets may be located on sev-
eral vertebrae of the patient.

[0005] The tool guide maintains the tool in a specific
position and orientation relative to the surgical target in
order to precisely guide the surgeon into drilling the hole
and then implanting the screw. Thus, the surgical robotic
system assists the surgeon in drilling the hole and then
implanting the screw into the drilled hole.

[0006] However, a problem may occur during the guid-
ing of the tool by the tool guide of the surgical robotic
system. For example, a misalignment can exist or appear
between the tool and the surgical target, such that the
surgical target and the tool are not coaxial, and/or are not
correctly positioned relative to each other. Such a mis-
alignment may occur because of mechanical inaccura-
cies, movements of the bone during drilling or screwing or
between drilling and screwing, etc. Such a misalignment
can negatively impact the surgical procedure and possi-
bly the final result of the surgical procedure.

[0007] For example, when the surgical robotic system
assists the surgeon in implanting a screw into a drilled
hole, the screw may not be perfectly coaxial with the
drilled hole due to such misalignments. The misalign-
ment between the screw and the surgical target may
cause an undesirable locking to occur between the
screwdriver and the screw engaged in the drilled hole,
in a manner which makes it difficult to decouple the screw
and screwdriver from each other. Another problem
caused by such misalignment may be the difficulty for
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the surgeon to easily find the hole with the screw.
[0008] Document US 2012/022535 A1 discloses a
guiding system comprising a coupling link for coupling
a guide bush and a cutter. Document US 2018/35248 A1
discloses a guiding system comprising a coupling link for
coupling a tool and a mount. Document US 2016/120611
A1 discloses a guiding system comprising a coupling link
for coupling a tool and a drive. Document US
2007-055291 A1 discloses a guiding system comprising
a coupling link for coupling a tool and a track. Document
EP 3821843 A1 discloses a guiding system comprising a
coupling link for coupling a tool and a tool guide.

GENERAL PRESENTATION OF THE INVENTION

[0009] A general aim of the invention is to propose a
guiding system allowing an improved guiding of a surgi-
cal robotic system.

[0010] According to a first aspect, the invention is
directed towards a guiding system for a surgical robotic
system, comprising a tool guide extending substantially
around a tool guide axis, a tool extending substantially
around a tool axis, an intermediate part mounted on the
tool so that the tool and the intermediate part are integral
in translation and so that the tool is mobile relative to the
intermediate partin rotation around the tool axis, and first
and second coupling links adapted to couple the inter-
mediate part and the tool guide, wherein the guiding
system presents:

- afirstguiding configuration in which the first coupling
link couples the intermediate part and the tool guide
so that the intermediate part and the tool guide are
mobile relative to each other according to a unique
first degree of freedom, the first degree of freedom
corresponding to a translation along the tool guide
axis; and

- asecond guiding configuration in which the second
coupling link couples the intermediate part and the
tool guide so that the intermediate part and the tool
guide are mobile relative to each other according to
the first degree of freedom and according to at least
one additional degree of freedom.

[0011] Some preferred but not limitative features of the
guiding system described above are the following, taken
individually or in combination:

- the at least one additional degree of freedom com-
prises an inclination of the tool relative to the tool
guide axis;

- the at least one additional degree of freedom com-
prises a translation of the tool in a plane perpendi-
cular to the tool guide axis;

- the second coupling link is at least partially made of
an elastic material, such that a deformation of said
elastic material of the second coupling link allows
said translation of the tool in the plane perpendicular
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to the tool guide axis;

- thefirst coupling link and/or the second coupling link
includes a slide link, wherein the slide link is directed
along the tool guide axis;

- thefirst coupling link and/or the second coupling link
includes a ball joint;

- the first coupling link includes the second coupling
link and an additional coupling link;

- thetool is a screwdriver having a handle and a shaft
extending from the handle;

- the first and/or second coupling links and the inter-
mediate part are rigidly secured to each other so as
to be moved together;

- the first and second coupling links are configured so
that a transition between the first guiding configura-
tion and the second guiding configuration is
achieved by translating the first and second coupling
links relative to the tool guide along the tool guide
axis;

- the first coupling link is adapted to be located inside
the tool guide in the first guiding configuration and at
least partially outside the tool guide in the second
guiding configuration;

- the tool and the intermediate part are adapted to be
at least partially inserted substantially radially inside
the tool guide, the first and second coupling links
being arranged on the intermediate part;

- thetoolis adapted to be mounted radially outside the
tool guide, the firstand second coupling links being at
least partially inserted in sliding engagement within
the tool guide and comprising a connecting section
extending radially outwardly to mechanically con-
nect the first and second coupling links to the inter-
mediate part;

- the guiding system further comprises blocking
means adapted to prevent a rotation of the inter-
mediate part relative to the tool guide around the tool
axis;

- the tool guide comprises a tracker adapted to be
detected by a tracking system in order to determine a
position and orientation of the tool guide relative to a
surgical target;

- the tool comprises a tracker adapted to be detected
by a tracking system in order to determine a position
and orientation of the tool relative to the tool guide
and/or to the surgical target.

[0012] According to a second aspect, the invention is
directed towards a surgical robotic system, comprising a
robotic arm comprising the guiding system according to
the first aspect, a tracking system configured to deter-
mine a position and orientation of the tool guide and/or
the tool relative to a surgical target, a control unit coupled
to the tracking system and configured to control the
robotic arm to align the tool with the surgical target,
and a display unit adapted to configure a guiding of the
tool guide and/or the tool.

[0013] Athird, no-claimed, aspectis directed towards a
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method for guiding a tool with a surgical robotic system
according to the second aspect relative to a surgical
target, wherein the surgical target comprises a surgical
target channel directed along a surgical target axis,
wherein the method comprises the following steps:

S1: estimating a position of the tool relative to the
surgical target, comprising a step S11 of detecting,
by a tracking system, at least one tool guide tracker
mounted in a fixed relationship relative to the tool
guide and at least one patient tracker mounted in a
fixed relationship relative to the surgical target;

S2: positioning the tool guide so that the tool is
positioned at a predetermined distance from the
surgical target channel;

S22: orienting the tool guide so that the tool axis is
substantially aligned with the surgical target axis;
S3: guiding the tool in the first guiding configuration
so as to partially insert said tool inside the surgical
target channel;

S4: guiding the tool in the second guiding configura-
tion so as toinsert said tool deeper inside the surgical
target channel.

[0014] Some preferred but not limitative features of the
method described above are the following, taken indivi-
dually or in combination:

- the step S4 of guiding the surgical robotic system in
the second guiding configuration comprises a step
S41 of adjusting a relative position and/or orientation
of the tool with respect to the surgical target in the at
least one additional degree of freedom, wherein said
step S41 is performed manually by a user of the
surgical robotic system;

- transitioning the surgical robotic system from the first
guiding configuration to the second guiding config-
uration is performed by translating along the tool
guide axis the first and second coupling links relative
to the tool guide along a predetermined transition
length;

- the predetermined distance from the surgical target
channel at which the tool is positioned in step S2 is
determined depending at least on a length of the tool
and a length of guiding in first guiding configuration,
wherein the length of guiding in first guiding config-
uration corresponds substantially to the predeter-
mined transition length;

- thetoolis a screwdriver having a handle and a shaft
extending from the handle, wherein the guiding sys-
tem further comprises a screw adapted to be remo-
vably attached to a tip of the shaft, wherein the
predetermined distance from the surgical target
channel at which the tool is positioned in step S2
is further determined depending on a length of the
screw.
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PRESENTATION OF THE FIGURES

[0015] Otherfeatures and advantages of the invention
willemerge from the following description, which is purely
illustrative and non-limiting and must be considered with
respect to the appended figures in which:

- Figure 1 is a perspective view of a surgical robotic
system according to an embodiment of the invention;

- Figure 2is a perspective view of a guiding system for
a surgical robotic system according to an embodi-
ment of the invention, the guiding system being in the
first guiding configuration;

- Figure 3is a perspective view of a guiding system for
a surgical robotic system according to an embodi-
ment of the invention, the guiding system being in the
second guiding configuration;

- Figure 4 is a perspective view of a guiding system for
a surgical robotic system according to an embodi-
ment of the invention, the guiding system being in the
second guiding configuration;

- Figures 5 and 6 are perspective views of a surgical
target and part of a guiding system for a surgical
robotic system according to an embodiment of the
invention;

- Figures 7a, 7b and 7c are perspective views of
guiding systems for a surgical robotic system ac-
cording to different embodiment of the invention,
wherein the tool is adapted to be mounted radially
outside the tool guide;

- Figures 8a and 8b are perspective views of surgical
robotic systems according to different non-claimed
examples;

- Figures 9 and 10 are perspective views of guiding
systems for a surgical robotic system according to an
embodiment of the invention, the guiding system
being respectively in the first guiding configuration
and in the second guiding configuration;

- Figure 11 is a perspective view of a guiding system
for a surgical robotic system according to another
embodiment of the invention, the guiding system
being in the first guiding configuration;

Figures 12a, 12b and 12c are perspective views of guid-
ing systems for a surgical robotic system according to
different embodiment of the invention, wherein the tool
and the intermediate part are adapted to be at least
partially inserted substantially radially inside the tool
guide.

DESCRIPTION OF SEVERAL EMBODIMENTS

[0016] A guiding system for a surgical robotic systemis
illustrated by way of a non-limiting example in figures 2 to
10. The guiding system comprises a tool guide 11 ex-
tending substantially around a tool guide axis X, a tool 30
extending substantially around a tool axis T, an inter-
mediate part 60 mounted on the tool 30 so that the tool 30
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and the intermediate part 60 are integral in translation
and so that the tool 30 is mobile relative to the intermedi-
ate part 60 in rotation around the tool axis T, and first and
second couplinglinks 21, 22 adapted to couple the tool 30
and the tool guide 11.

[0017] The guiding system presents:

- afirstguiding configuration in which the first coupling
link 21, 22 couples the intermediate part 60 and the
tool guide 11 so that the intermediate part 60 and the
tool guide 11 are mobile relative to each other ac-
cording to a unique first degree of freedom, the first
degree of freedom corresponding to a translation
along the tool guide axis X; and

- asecond guiding configuration in which the second
coupling link 22 couples the intermediate part 60 and
the tool guide 11 so that the intermediate part 60 and
the tool guide 11 are mobile relative to each other
according to the first degree of freedom and accord-
ing to at least one additional degree of freedom.

[0018] The guiding system may be used during surgi-
cal interventions, in order to assist a surgeon in guiding
the positioning and orienting of the intermediate part 60
coupled to the tool guide 11, thus of the tool 30, relative to
a surgical target 50.

[0019] The surgical target 50, as illustrated by way of a
non-limiting example in figures 2, 3, 5 and 6, may be
defined by a surgical target 50 position and/or a surgical
targetaxis S. More specifically, the surgical target 50 may
be a surgical target channel 51 oriented along the surgi-
cal target axis S and having a first end and a second end
located opposite the first end, the surgical target 50
position corresponding to the position of the first end of
the surgical target 50. The first end of the surgical target
channel 51 may correspond to an entry point of the tool 30
into a bone 310 of a patient 300.

[0020] The terms proximal and distal are used in rela-
tion to a position along the surgical target axis S, so that
during the surgical procedure, the distal end of an ele-
ment is located closer to the surgical target 50, consider-
ing a distance along the surgical target axis S, than the
proximal end of the same element.

[0021] The tool guide 11 extends substantially around
the tool guide axis X. The tool guide 11 may be a tool
guide channel, the tool guide 11 forming a substantially
cylindrical sleeve around the tool guide axis X. The tool
guide 11 is adapted to receive the first coupling link 21, 22
and/or the second coupling link 22. The tool guide 11 may
also be adapted to receive the tool 30 and/or the inter-
mediate part 60. The tool guide 11, more particularly the
tool guide channel 11, may comprise a distal end and a
proximal end located opposite the distal end.

[0022] The intermediate part 60 may extend around at
least part of the tool 30, more particularly around at least
part of a tool shaft 32 of the tool 30. The intermediate part
60 may extend substantially along the tool axis T. The
intermediate part 60 may present a substantially hollow
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cylindrical shape configured to be arranged around the
tool 30, more particularly around the tool shaft 32 of the
tool 30, the tool shaft 32 passing through the intermediate
part 60.

[0023] The tool 30 and the intermediate part 60 are
mobile relative to each other only in rotation around the
tool axis T, and are rigidly secured to each other in all the
other degrees of freedom. In other words, the tool 30 can
be rotated around the tool axis T inside the intermediate
part 60, whatever the guiding configuration of the guiding
system. Thus, for example when the tool 30 is a screw-
driver, the screwdriver can be rotated around the screw-
driver axis at any step of the surgical operation. However,
the intermediate part 60 and the tool 30 are moved
together in any translation, more particularly in transla-
tion along the tool guide axis X orin a plane perpendicular
to the tool guide axis X, and in inclination relative to the
tool guide axis X. Translating the tool 30 results in an
identical translation of the intermediate part 60, and in-
clining the tool 30 relative to the tool guide axis X results in
an identical inclination of the intermediate part 60.
[0024] In the first guiding configuration, the tool 30, the
intermediate part 60 and the tool guide 11 may be sub-
stantially parallel to each other, located at a distance from
each other, the tool guide axis X and the tool axis T being
substantially parallel. Alternatively, the tool 30, the inter-
mediate part 60 and the tool guide 11 may be substan-
tially coaxial, the tool guide axis X and the tool axis T
coinciding substantially. When the tool 30, the intermedi-
ate part 60 and the tool guide 11 are parallel, the tool
guide 11 may be positioned by the surgical robotic system
taking into account the distance between the tool guide
11 and the tool 30, in order to align the tool axis T with the
surgical target axis S.

[0025] The surgeon may for example use the surgical
robotic system in order to drill one or several holes into
one or several bones 310 of the patient 300, and then to
implant a screw 33 into each respective drilled hole.
[0026] First, the guiding system assists the surgeon in
drilling the hole. The tool 30 is a drill. The surgeon can
insert the drill into the tool guide 11 of the guiding system,
or mount the drill outside the tool guide 11. The tool guide
11 allows positioning and orienting of the drill relative to
the hole to be drilled, and guiding of the drill at the desired
position and orientation during the drilling of the hole in
the bone 310. Therefore, the guiding system assists the
surgeonindrilling a hole intended to receive the screw 33
at the desired hole position, which corresponds to the
position of the surgical target 50, and along the desired
hole orientation, which corresponds to the orientation of
the surgical target axis S.

[0027] Second, after the drilling is carried out, the
guiding system assists the surgeon in implanting a screw
33 into the drilled hole. The tool 30 is a screwdriver. The
screwdriver has a handle 31, and a shaft 32 extending
from the handle 31. A screw 33 may be removably
mounted to the tip of the shaft 32 of the screwdriver.
The surgeon can insert the screwdriver into the tool guide
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11 of the guiding system, or mount the screwdriver out-
side the tool guide 11. The tool guide 11 allows positioning
of the screwdriver and screw 33 relative to the hole drilled
inthe bone 310, so that the surgeon can insert and screw
the screw 33 into the hole. Therefore, the guiding system
assists the surgeon in implanting the screw 33 in the
drilled hole. The position and orientation of the surgical
target 50 corresponds to the position and orientation of
the hole drilled in the bone 310.

[0028] The first and second coupling links 21, 22
adapted to couple the intermediate part 60 and the tool
guide 11 are mechanical linkages allowing certain move-
ments of the intermediate part 60, thus of the tool 30,
relative to the tool guide 11 and preventing other move-
ments of the intermediate part 60, thus of the tool 30,
relative to the tool guide 11.

[0029] Thefirst guiding configuration and second guid-
ing configuration allow to the guiding system to minimize
the workload of the surgeon while efficiently assisting the
surgeon, in order to optimize the guiding and the final
result of the surgical procedure.

[0030] In the first guiding configuration, the intermedi-
ate part 60and the tool guide 11 are mobile relative to
each other according to a first degree of freedom corre-
sponding to a translation along the tool guide axis X.
Thus, in the first guiding configuration, the intermediate
part 60, thus the tool 30, may be translated along the tool
guide axis X while the tool guide 11 remains at a fixed
position along the tool guide axis X, or vice versa the tool
guide 11 may be translated along the tool guide axis X
while the intermediate part 60, thus the tool 30, remains at
a fixed position along the tool guide axis X. Additionally or
alternatively, the intermediate part 60, thus the tool 30,
and the tool guide 11, may each simultaneously be
translated along the tool guide axis X, in opposite direc-
tions or in a same direction but along different distances,
sothatthe relative position of the intermediate part 60and
the tool guide 11 along the tool guide axis X varies.
[0031] Inthefirst guiding configuration, the firstdegree
of freedom is a unique first degree of freedom. Thus, the
intermediate part 60and the tool guide 11 cannot be
moved relative to each other in any other direction or
orientation than in translation along the tool guide axis X.
The tool 30 can therefore only be moved relative to the
tool guide according to two degrees of freedom, that is to
say in translation along the tool guide axis X, which
corresponds to the first degree of freedom, and also in
rotation around the tool axis T. For example, an orienta-
tion of the intermediate part 60, thus of the tool 30 relative
to the tool guide 11, cannot be modified, and a position of
the intermediate part 60, thus of the tool 30, relative to the
tool guide 11 in a direction other than the direction of the
tool guide axis X cannot be modified. The first guiding
configuration thus offers a rigid guiding of the intermedi-
ate part 60, thus of the tool 30.

[0032] During a surgical intervention, the tool 30 may
be placed in a predetermined position and orientation
relative to the surgical target 50 according to the opera-
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tion to perform. Then, the guiding system in the first
guiding configuration rigidly guides the intermediate part
60, thus the tool 30. For example, the guiding system
rigidly guides the drillinto the bone 310 so as to drilla hole
in the bone 310, or rigidly guides the screwdriver so as to
implant the screw 33 into the drilled hole. In the first
guiding configuration, the intermediate part 60 and the
tool guide 11 are mobile relative to each other only in
translation along the tool guide axis X, that is to say
according to the unique first degree of freedom. The tool
30, for example the drill or the screwdriver, is also mobile
in rotation around the tool axis T relative to the tool guide
11.

[0033] Thus,inthe firstguiding configuration, the work-
load of the surgeon is minimized, as the position and
inclination of the tool 30 relative to the tool guide 11 is
managed by the guiding system, the surgeon having
leeway to influence only one degree of freedom.

[0034] In the second guiding configuration, the inter-
mediate part 60, thus the tool 30 and the tool guide 11 are
also mobile relative to each other according to at least
one additional degree of freedom. Thus, the intermediate
part 60, thus the tool 30, and the tool guide 11, may be
moved relative to each other in translation along the tool
guide axis X, and may also be moved relative to each
other according to at least one other degree of freedom,
for example in orientation or in translation along a direc-
tion other than the direction of the tool guide axis X.
[0035] Thus, the second guiding configuration offers a
more flexible guiding of the intermediate part 60, thus of
the tool 30. The guiding system thus allows the surgeon
to maintain some leeway in the guiding of the tool 30, in
position and/or orientation, relative to the tool guide 11,
more specifically in at least one position and/or orienta-
tion other than the translation along the tool guide axis X
and rotation around the tool axis T.

[0036] A more flexible guiding allows to prevent pro-
blems during the guiding of the tool 30 by the guiding
system. Especially, it may be necessary for the surgeon
toadjusta position and orientation of the tool 30 relative to
the tool guide 11 in order to align the tool 30 in position
and/or orientation relative to the surgical target 50. For
example, if a misalignment may exist or appear between
the tool 30 and the surgical target 50, such that the
surgical target 50 and the tool 30 are not coaxial and/or
are not correctly positioned relative to each other. Such a
misalignment may occur because of mechanical inac-
curacies, movements of the bone 310 during drilling or
screwing or between drilling and screwing, etc.

[0037] A relatively flexible guiding, as allowed by the
second guiding configuration, allows the surgeon to rec-
tify such a misalignment, that is to say to adjust a position
and/or orientation of the tool 30 relative to the tool guide
11 in order to align the tool 30 in position and/or orienta-
tion relative to the surgical target 50.

[0038] For example, when the surgical robotic system
assists the surgeon in implanting a screw 33 in a drilled
hole, the drilled hole and the screw 33 may not be
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perfectly coaxial due to misalignments. This may cause
an undesirable locking to occur between the screwdriver
and the screw 33 engaged in the drilled hole, in a manner
which makes it difficult to decouple the screw 33 and the
screwdriver from each other.

[0039] The second guiding configuration may be used
for example after the screwdriver has been translated
along a certain distance, especially once the screw 33 is
atleast partially inserted into the hole, the guiding system
being in the first guiding configuration in order to partially
insertthe screw 33 into the hole. Once the guiding system
is in the second guiding configuration, the surgeon may
thus manipulate the screwdriver with ease according to
the at least one additional degree of freedom when the
screwdriver moves inwards so as to continue to implant
the screw 33 in the drilled hole. Thus, the surgeon may
correct a potential misalignment between the screw 33
and the drilled hole, therefore preventing the undesirable
locking between the screwdriver and the screw 33 en-
gaged in the drilled hole.

[0040] If the guiding system is in the first guiding con-
figuration and the surgeon notices a misalignment or a
risk of undesirable locking between the screw 33 and the
screwdriver, the surgeon may move the guiding system
to the second guiding configuration. Then, the surgeon
may adjust a position and/or orientation of the tool 30
relative to the tool guide 11 so as to align to the tool 30 with
the surgical target 50. Alternatively, the guiding system
may automatically be transitioned from the first guiding
configuration to the second guiding configuration after
the tool 30 has been moved along a certain distance
towards the surgical target 50 along the tool guide axis X.
[0041] The at least one additional degree of freedom
may comprise an inclination of the intermediate part 60,
thus of the tool 30, relative to the tool guide axis X.
[0042] Thus, the tool 30 and the tool guide 11 in the
second configuration are mobile relative to each other in
translation along the tool guide axis X, in rotation around
the tool axis T, and in angular inclination relative to the tool
guide axis X. The tool 30 may be inclined with respect to
the tool guide axis X so as to form an inclination angle
relative to the tool guide axis X, the tool 30 thus having an
orientation which differs from the orientation of the tool
guide 11. A non-limiting example of a tool 30 having a
non-zero angularinclination, or orientation, relative to the
tool guide 11, is illustrated in figure 4. The axis labelled S’
in figure 4 corresponds to an axis which is parallel to the
surgical target axis S.

[0043] Therefore, if the tool 30 is not coaxial with the
surgical target 50 while the guiding system is in the
second guiding configuration, that is to say when the tool
axis T forms a non-zero inclination angle with respect to
the surgical target axis S, the orientation of the tool 30
may be modified so as to align the tool axis T with the
surgical target axis S. For example, the orientation of the
drill may be adjusted if the drill is not coaxial with the hole
to be drilled. Similarly, the orientation of the screwdriver
may be adjusted if the screwdriver is not coaxial with the
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drilled hole into which the screw 33 is to be inserted.
[0044] In addition, or alternatively, the at least one
additional degree of freedom may comprise a translation
ofthe intermediate part 60, thus of the tool 30, in the plane
perpendicular to the tool guide axis X, for example a
translation of the intermediate part 60, thus of the tool
30 along at least one direction of the plane perpendicular
to the tool guide axis X.

[0045] Thus, if the tool 30 does not face the surgical
target 50, for example if the tool 30 is spaced apart with
respect to the surgical target 50 in a direction perpendi-
cular to the tool guide axis X, then a position of the tool 30
may be adjusted so that the tool 30 faces the surgical
target 50, for example so that a tip of the tool 30 is only
separated from the first end of the surgical target 50 by a
predetermined distance along the tool guide axis X. For
example, the position of the tool 30 may be adjusted so
that the tool 30 is substantially coaxial with the surgical
target 50, the tool axis T and the surgical target axis S
being substantially coaxial.

[0046] Such a second coupling link 22 allows to com-
pensate a misalignment in position and/or orientation,
between the tool 30 and the surgical target 50.

[0047] The first coupling link 21, 22 and/or the second
coupling link 22 may include a slide link, wherein the slide
link is directed along the tool axis T, the tool axis T
corresponding to the tool guide axis X in the first guiding
configuration. The slide link may allow a cylindrical con-
tact with the tool guide 11, so as to allow a translation
along the tool guide axis X. The first coupling link 21, 22
and/or the second coupling link 22 is thus slidable inside
the tool guide channel 11.

[0048] The first coupling link 21, 22 and/or the second
coupling link 22 may include a ball joint. The ball joint may
allow a spherical connection with the tool guide 11, so as
to allow a rotation around the tool guide axis X, and
preferably further rotation around one or more supple-
mentary axes of rotation so as to allow inclination of the
tool 30 relative to the tool guide axis X.

[0049] The first coupling link 21, 22 and/or the second
coupling link 22 may be rigidly secured to each other so
as to be moved together.

[0050] The first coupling link 21, 22 may comprise at
least one slide link. For example, the first coupling link 21,
22 may comprise two slide links substantially arranged
along the tool guide axis X, as illustrated by way of a non-
limiting example in figure 7c. At least one slide link of the
first coupling link 21, 22 has an outer diameter which
corresponds substantially to an inner diameter of the tool
guide channel 11. Therefore, the first coupling link 21, 22
can only be moved inside the tool guide channel 11
according to the first degree of freedom, that is to say
in translation along the tool guide axis X. Thus, the two
slide links of the first coupling link 21, 22 ensure the first
guiding configuration of the guiding system.

[0051] The first coupling link 21, 22 may comprise at
least one ball joint. For example, the first coupling link 21,
22 may comprise two ball joints substantially arranged
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along the tool guide axis X, as illustrated by way of a non-
limiting example in figures 7b, 8a and 12a. Atleast one of
the ball joints of the first coupling link 21, 22 has an outer
diameter which corresponds substantially to an inner
diameter of the tool guide channel 11. Therefore, the ball
joints of the first coupling link 21, 22 can only be moved
inside the tool guide channel 11 according to the first
degree of freedom, that is to say in translation along the
tool guide axis X. Thus, the two ball joints of the first
coupling link 21, 22 ensure the first guiding configuration
of the guiding system.

[0052] Thefirstcouplinglink21,22 may comprise a ball
jointand a slide link, as illustrated by way of a non-limiting
exampleinfigures 7a, 8b, 12b and 12c. Atleast one of the
ball joint or the slide link has an outer diameter which
corresponds substantially to an inner diameter of the tool
guide channel 11, so as to allow movement of the first
coupling link 21, 22 inside the tool guide channel 11 only
in translation along the tool guide axis X, thus ensuring
the first guiding configuration of the guiding system.
[0053] The second coupling link 22 may have an outer
dimension which is smallerthan aninnerdimension of the
tool guide 11, so as to form a gap between the second
coupling link 22 and the tool guide 11 when the second
coupling link 22 is inserted into the tool guide 11. Thus, in
the second guiding configuration, that is to say when the
second coupling link 22 couples the intermediate part 60
and the tool guide 11, the intermediate part 60, thus the
tool 30, may be translated along the tool guide axis X, and
may also be translated in the plane perpendicular to the
tool guide axis X along a distance corresponding to the
gap formed between the second coupling link 22 and the
tool guide 11. Thus, a small misalignment in position
between the surgical target 50 and the tool 30 may be
rectified.

[0054] More particularly, the second coupling link 22
may comprise a ball joint having a diameter smaller than
a diameter of the tool guide channel 11, as illustrated by
way of a non-limiting example in figure 11. Such a second
coupling link 22 authorizes an inclination of the tool 30
relative to the tool guide axis X and a translation of the tool
30inaplane perpendicularto the tool guide 11, in addition
to the translation of the tool 30 and/or the tool guide 11
along the tool guide axis X, thus ensuring the second
guiding configuration of the guiding system.

[0055] Alternatively, the second coupling link 22 is at
least partially made of an elastic material, such that a
deformation of said elastic material of the second cou-
pling link 22 allows said translation of the intermediate
part 60, thus of the tool 30 in the plane perpendicular to
the tool guide axis. The elastic properties of the elastic
material allow, via the elastic deformation of the elastic
material, a translation of the second coupling link 22, thus
of the tool 30, in the plane perpendicular to the tool guide
axis X, along a distance corresponding to a maximum
deformation of the second coupling link 22 in the corre-
sponding direction. The second coupling link 22 may be
entirely made of said elastic material. The elastic material
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may be silicon.

[0056] More specifically, the second coupling link 22
may be a slide link or a ball joint at least partially made of
an elastic material. The slide link or the ball joint has an
outer diameter which corresponds substantially to an
inner diameter of the tool guide channel 11. The slide
link or the ball joint may comprise a core made of a non-
elastic material such as steel, and an outer envelope
made of silicon, or may be entirely made of silicon.
[0057] Alternatively, orin addition, the second coupling
link 22 may comprise a slide link having a diameter
smaller than a diameter of the tool guide channel 11.
Such asecond coupling link 22 authorizes a translation of
the intermediate part 60, thus of the tool 30, in a plane
perpendicular to the tool guide 11, in addition to the
translation of the tool 30 and/or the tool guide 11 along
the tool guide axis X thus ensuring the second guiding
configuration of the guiding system, but does not author-
ize an inclination of the intermediate part 60, thus of the
tool 30, relative to the tool guide axis X.

[0058] Alternatively, a dimension of the second cou-
pling link 22 may correspond substantially to a dimension
of the tool guide channel 11. For example, the second
coupling link 22 may be a ball joint having a diameter
corresponding substantially to a diameter of the tool
guide channel 11. Thus, the second coupling link 22
authorizes an inclination of the tool 30 relative to the tool
guide axis X, in addition to the translation of the tool 30
and/or the tool guide 11 along the tool guide axis X, thus
ensuring the second guiding configuration of the guiding
system.

[0059] The first and second coupling links 21, 22 may
be arranged around the intermediate part 60 and/or may
be rigidly secured to the intermediate part 60. For ex-
ample, when the first and second coupling links 21, 22
include a slide link, said slide link may present a sub-
stantially hollow cylindrical shape configured to be ar-
ranged around the intermediate part 60, the intermediate
part 60 extending through said slide link.

[0060] Inafirstexample of realization, the first coupling
link 21, 22 may include the second coupling link 22 and an
additional coupling link. Therefore, the number of cou-
pling links of the guiding system is minimized and the
guiding system is thus simplified. For example, the sec-
ond coupling link 22 may be a slide link or a ball joint, and
the first coupling link 21, 22 may include the slide link or
ball joint of the second coupling link 22, and an additional
coupling link such as an additional slide link 21 or an
additional ball joint 21.

[0061] Figures 7b, 8a and 12a illustrate non-limiting
examples in which the second coupling link 22 is a ball
joint and the first coupling link 21, 22 comprises the ball
joint of the second coupling link 22 and an additional
coupling link in the form of an additional ball joint 21.
Figures 7a, 8b, 12b and 12c illustrate non-limiting exam-
ples in which the second coupling link 22 is a ball jointand
the first coupling link 21, 22 comprises the ball joint of the
second coupling link 22 and an additional coupling link in
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the form of an additional slide link 21. Figure 7cillustrates
a non-limiting example in which the second coupling link
22 is a slide link and the first coupling link 21, 22 com-
prises the slide link of the second coupling link 22 and an
additional coupling link in the form of an additional slide
link 21.

[0062] The first coupling link 21, 22 may be adapted to
be located inside the tool guide 11 in the first guiding
configuration, both the second coupling link 22 and the
additional coupling link 21 of the first coupling link 21, 22
being located inside the tool guide 11. The first coupling
link 21, 22 may be adapted to be located at least partially
outside the tool guide 11 in the second guiding config-
uration, only the second coupling link 22 being located
inside the tool guide 11, the additional coupling link 21 of
the first coupling link 21, 22 being located outside the tool
guide 11. Thus, the first guiding configuration provides a
rigid guiding while the second guiding configuration al-
lows for a more flexible guiding.

[0063] In a second example of realization, the first
coupling link 21, 22 and the second coupling link 22
are distinct coupling links. The first coupling link 21, 22
may be adapted to be located inside the tool guide 11 in
the first guiding configuration, and to be located outside
the tool guide 11 in the second guiding configuration.
[0064] In the first example of realization or in the sec-
ond example of realization, the first and second coupling
links 21, 22 may be configured so that a transition be-
tween the first guiding configuration and the second
guiding configuration is achieved by translating the first
and second coupling links 21, 22 relative to the tool guide
11 along the tool guide axis X.

[0065] Thus, the user may easily change a guiding
configuration of the guiding system by a simple transla-
tion of the first and second coupling links 21, 22 along the
tool guide axis X, therefore easily adapting the guiding
configuration according to the guiding needs.

[0066] The translation may be of a few millimeters or a
few centimeters along the tool guide axis X. For example,
the surgeon can move the tool guide 11 a few centimeters
away from the surgical target 50 so as to transition the
guiding system from the first guiding configuration to the
second guiding configuration. Once the guiding systemis
in the second guiding configuration, the surgeon may
adjust a position and/or orientation of the tool 30 relative
to the tool guide 11 so as to align to the tool 30 with the
surgical target 50. Once the tool 30 is aligned with the
surgical target 50, the surgeon may then move the tool
guide 11 back a few centimeters along the tool guide axis
X, in order to transition the guiding system from the
second configuration to the first configuration.

[0067] More specifically, the first coupling link 21, 22
may be located closer to the distal end of the tool guide 11
than the second coupling link. When the first coupling link
21, 22 comprises the second coupling link 22 and an
additional coupling link, the additional coupling link may
be located closer to the distal end of the tool guide 11 than
the second coupling link. Thus, when the tool 30, thus the
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intermediate part 60, is translated along the tool guide
axis X towards the distal end of the tool guide 11 and/or
when the tool guide 11 is translated in an opposite direc-
tion, the first coupling link 21, 22 or the additional coupling
link of the first coupling link 21, 22 exits the tool guide
channel 11 while the second coupling link 22 is still inside
the tool guide channel 11, thus the system transitions
from the first guiding configuration to the second guiding
configuration.

[0068] Thefirstand/orsecond couplinglinks 21,22 and
the intermediate part 60 may be rigidly secured to each
other so as to be moved together.

[0069] Thus, a translation of the tool 30, thus of the
intermediate part 60, along the tool guide axis X may
correspondingly translate the first and/or second cou-
pling links 21, 22 along the tool guide axis X, therefore
achieving a transition between the first guiding config-
uration and the second guiding configuration. The transi-
tion between the first guiding configuration and the sec-
ond guiding configuration is therefore even more easily
achieved by the user.

[0070] The translation of the tool 30, thus of the inter-
mediate part 60, and/or of the tool guide 11 relative to
each other may be performed manually by the user of the
guiding system, and/or automatically by the guiding sys-
tem.

[0071] For example, a translation of the tool 30, thus of
the intermediate part 60, along the tool guide axis X
towards the surgical target 50 may cause the first cou-
pling link 21, 22 or the additional coupling link of the first
coupling link 21, 22 to exit the tool guide 11, thus transi-
tioning the guiding system from the first guiding config-
uration to the second guiding configuration. A translation
of the tool 30, thus of the intermediate part 60, along the
tool guide axis X away from the surgical target 50 may
cause the first coupling link 21, 22 or the additional
coupling link of the first coupling link 21, 22 to enter the
tool guide 11, thus transitioning the guiding system from
the second guiding configuration to the first guiding con-
figuration. Similarly, a translation of the tool guide 11
towards the surgical target 50 may cause the guiding
system to transition from the second guiding configura-
tion to the first guiding configuration, while a translation of
the tool guide 11 relative to the tool 30, thus to the
intermediate part 60, away from the surgical target 50
may cause the guiding system to transition from the first
guiding configuration to the second guiding configura-
tion. A simultaneous translation of the tool guide 11 and
the tool 30, thus the intermediate part 60, in opposite
directions along the tool guide axis X may cause the
guiding system to transition between the first guiding
configuration and the second guiding configuration.
[0072] In a first example embodiment illustrated in
figures 8a, 8b, 12a, 12b and 12c, the tool 30 and the
intermediate part 60 are adapted to be at least partially
inserted substantially radially inside the tool guide 11, the
first and second coupling links 21, 22 being arranged on
the intermediate part 60, for example around the inter-
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mediate part 60. The tool guide 11 is configured toreceive
the first and second coupling links 21, 22, the intermedi-
ate part 60 and the tool 30, the tool 30 being inserted
inside the tool guide 11 by the user. The tool guide 11
maintains the tool 30 in the desired position and orienta-
tion during the surgery in order to allow guiding of the tool
30 by the surgical robotic system. In the first guiding
configuration, the tool axis T and the tool guide axis X
substantially coincide. The firstand second coupling links
21, 22 may be rigidly secured to the intermediate part 60,
so that the first and second coupling links 21, 22 are
moved together with the intermediate part 60.

[0073] In a second example embodiment illustrated in
figures 2, 3, 4, and 7a to 7c¢, the tool 30 is adapted to be
mounted radially outside the tool guide 11, the first and
second coupling links 21, 22 being at least partially in-
serted in sliding engagement within the tool guide 11 and
comprising a connecting section 23 extending radially
outwardly to mechanically connect the first and second
coupling links 21, 22 to the intermediate part 60. The tool
30 and the intermediate part 60 are thus located outside
the tool guide 11, that is to say radially outwardly relative
to the tool guide 11, and the first and second coupling
links 21, 22 are located at least partially inside the tool
guide 11. The tool guide 11 maintains the intermediate
part 60, thus the tool 30, in the desired position and
orientation during the surgery in order to allow guiding
of the tool 30 by the surgical robotic system. In the first
guiding configuration, the tool axis T and the tool guide
axis X are substantially parallel, the tool axis T being
spaced apart outwardly with respect to the tool guide axis
X by the connecting section 23. The connecting section
23 may rigidly fix the intermediate part 60 to the first and
second coupling links 21, 22, so that the first and second
coupling links 21, 22 are moved together with the inter-
mediate part 60.

[0074] The guiding system may further comprise
blocking means 65 adapted to prevent a rotation of the
intermediate part 60 relative to the tool guide 11 around
the tool axis T. The blocking means 65 may comprise a
pin or rib and a groove or slot, the pin or rib 65 being
configured to cooperate with the groove or slot so as to
block a rotation of the intermediate part 60 relative to the
tool guide 11.

[0075] The groove or slot and the pin or rib 65 are
configured so that when the intermediate part 60, the
first and second coupling links 21, 22 and the tool 30 are
located inside the tool guide 11, the pin or rib 65 coop-
erate with the groove or slot, the pin or rib 65 being able to
translate in the groove or slot along the tool guide axis X
while the groove or slot prevents a rotation of the pin orrib
65 around the tool guide axis X.

[0076] The pin or rib 65 may extend mainly along a
main direction, a length of the pin or rib 65 corresponding
to a dimension of the pin or rib 65 along the main dimen-
sion. The pin or rib 65 may be mounted on the inter-
mediate part 60, on the first coupling link 21, 22, or on the
second coupling link 22. The pin orrib 65 is configured so
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as to extend radially outwardly away from the element on
which it is mounted, substantially in the main direction.

[0077] The groove or slot may be formed in the tool
guide 11, more particularly in an inner face of the tool
guide channel 11.

[0078] Thegroove orslothas alength correspondingto
a dimension along the tool guide axis X of the groove or
slot, which corresponds to a main dimension of the
groove or slot. The length of the groove is less than
the length of the tool guide channel 11, and the groove
does not extend at the distal end of the tool guide 11, that
is to say does not open at the distal end of the tool guide
11. The length of the slot is less than or equal to the length
of the tool guide channel 11, and the slot extends at the
distal end of the tool guide 11, that is to say opens at the
distal end of the tool guide 11.

[0079] The groove or slot has a depth corresponding to
a radial dimension of the groove or slot. The depth or the
groove or slot may be substantially equal to the main
dimension of the pin or rib 65, so that the groove or slot
allows only a translation of the pin or rib 65 along the tool
guide axis X. The depth or the groove or slot may be
greater than the main dimension of the pin or rib 65, so
that the groove or slot allows a translation of the pin or rib
65 along the tool guide axis X and also allows movement
of the intermediate part 60 relative to the tool guide 11
according to the at least one additional degree of free-
dom, for example so as to allow an inclination of the
intermediate part 60 compared to the tool guide axis X
and/or a translation of the intermediate part 60 in the
plane normal to the tool guide axis X.

[0080] The groove or slot may have a width corre-
sponding substantially to a width of the pin or rib 65, such
thatthe groove or slot prevents the pin orrib 65 from being
moved in rotation around the tool axis T relative to the tool
guide 11. Directions of the width, of the length and of the
depth of the groove or slot are perpendicular to one
another.

[0081] For example, when the pin or rib 65 is mounted
so that it remains in the groove or slot of the tool guide 11
when the guiding system is in the second guiding con-
figuration, the depth of the groove or slot may be slightly
greater than the dimension of the pin or rib 65 along the
main direction, so as to allow movement of the intermedi-
ate part 60 relative to the tool guide 11 according to the at
least one additional degree of freedom in the second
guiding configuration. Alternatively, when a slot is formed
in the tool guide 11 and the pin or rib 65 is mounted so that
it exits the tool guide channel 11 when the guiding system
is in the second guiding configuration, the depth of the
slot may correspond substantially to the dimension of the
pin orrib 65 along the main direction. Indeed, as the pin or
rib 65 has exited the tool guide 11 in the second guiding
configuration, the slot does not risk preventing a move-
ment of the intermediate part 60 according to the at least
one additional degree of freedom.

[0082] Figures 12a, 12b and 12c illustrate non-limiting
examples of blocking means 65, in the case when the tool
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30 and the intermediate part 60 are adapted to be at least
partially inserted inside the tool guide 11. The pin or rib 65
of figures 12a and 12b is mounted on the intermediate
part 60, between the first and second coupling links 21,
22. The pin or rib 65 of figures 12c is mounted on the first
coupling link 21.

[0083] The tool 30 may be a drill adapted to drill a hole
for example into abone 310 of a patient 300. The drill can
be moved in rotation around the tool axis T whatever the
guiding configuration. The drill can also be moved ac-
cording to the first degree of freedom in the first guiding
configuration, or according to the first degree of freedom
and/or the additional degree of freedom in the second
guiding configuration.

[0084] The tool 30 may be a screwdriver having a
handle 31 and a shaft 32 extending from the handle
31. The handle 31 of the screwdriver is adapted to be
grasped by the user so as to move the screwdriver in
rotation around the tool axis T whatever the guiding
configuration, and also according to the first degree of
freedom in the first guiding configuration, or according to
the first degree of freedom and/or the additional degree of
freedom in the second guiding configuration. The shaft
32 of the screwdriver extends substantially along the tool
axis T. The intermediate part 60 may be mounted around
the tool shaft 32 between the tool handle 31, which forms
aproximal end of the tool 30, and a distal end of the tool 30
corresponding to a tip of the shaft 32 of the screwdriver,
and may extend over at least part of the tool shaft 32.
[0085] The guiding system may further comprise a
screw 33 adapted to be removably mounted on the tip
of the shaft 32 of the screwdriver. Thus, the surgeon does
not need to hold the screwdriver in one hand and the
screw 33 in the other hand when performing the surgical
operation. When the screw 33 is mounted on the tip of the
shaft 32 of the screwdriver, the screw 33 extends sub-
stantially coaxially with the shaft 32 along the tool axis T,
the screw 33 prolonging the screwdriver, and the screw
33 is considered to be part of the tool 30.

[0086] The screw 33 may be a pedicle screw, a one-
piece screw, or a polyaxial screw. A dimension of the
screw 33 may correspond substantially to a dimension of
the surgical target channel 51 so that the screw 33 may be
inserted, partially or substantially fully, inside the surgical
target channel 51, as illustrated by way of a non-limiting
example in figure 3 and in figure 6.

[0087] The tool guide 11 may comprise a tracker, also
called tool guide tracker, adapted to be detected by a
tracking system in order to determine a position and
orientation of the tool guide 11 relative to a surgical target
50. The tool guide tracker is positioned and oriented in a
fixed relation relative to the tool guide 11. Thus, a position
and/or an orientation of the tool guide tracker relative to
the tool guide 11 is fixed. The tool guide tracker may be
mounted on the tool guide 11 or on any element of the
surgical robotic system, such as a robotic arm 100, more
specifically an end effector 10 of the robotic arm 100.
[0088] The tool guide tracker may be an optical, elec-
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tromagnetic, ultrasonic, or inertial tracker.

[0089] The tracking system may be an optical-based
tracking system, for example a camera such as an infra-
red camera, adapted to detect and localize, in terms of
position and/or orientation, the tool guide tracker.
[0090] Thus, the relative position and orientation of the
tool guide 11 and the surgical target 50 is known. The
relative position and orientation of the tool 30 relative to
the surgical target 50 may be deduced from parameters
such as a position and/or orientation of the tool 30 relative
to the tool guide 11, a dimension of the tool 30 along the
tool guide axis X, a dimension of the connecting section
23, etc.

[0091] The tool guide tracker may be an optical tracker
comprising several reflective markers, such as reflective
disks or reflective spheres, arranged in at least one
tracking pattern. The optical tool guide tracker is adapted
to be localized, in terms of position and orientation, by the
tracking system when the tracking system is within a
range of visibility of at least one tracking pattern of the
tool guide tracker.

[0092] The camera is adequately positioned before
surgery, so that the whole area in which the surgical
robotic system is likely to move during the surgical inter-
vention is encompassed in the field of view of the camera.
The camera detects and localizes the tool guide tracker,
by detecting and localizing the reflective markers of the
tracking pattern located in the field of view of the camera.
[0093] The tool 30 may comprise a tracker, also called
tool tracker, adapted to be detected by a tracking system
in order to determine a position and orientation of the tool
30 relative to the tool guide 11 and/or relative to the
surgical target 50.

[0094] The tool tracker is mounted in a fixed relation-
ship relative to the tool 30, for example mounted to the
tool 30. Thus, a position and/or an orientation of the tool
tracker relative to the tool 30 is known.

[0095] The tool tracker may be of a same or different
nature to that of the tool guide tracker which is mounted
on the tool guide 11, that is to say may be an optical,
electromagnetic, ultrasonic, or inertial tracker. When the
tool tracker and the tool guide tracker are optical trackers,
a tracking pattern of the tool tracker is different from the
tracking pattern of the tool guide tracker, so that the
optical tracking system may differentiate the tool tracker
from the tool guide tracker. The tracking system is thus
adapted to detect, in terms of position and/or orientation,
the tool guide tracker and the tool tracker.

[0096] For example, when the tool 30 is a screwdriver,
the tool tracker may be mounted on the screwdriver, for
example on the screwdriver shaft 32, in addition to the
tool guide tracker which is mounted on the tool guide 11.
The position and orientation of the tool tracker mounted
on the screwdriver, for example the position and orienta-
tion of the tool tracker relative to the tip of the screwdriver
shaft 32, is known. Thus, the position and/or orientation of
the screwdriver relative to the surgical target 50 may be
known when the tracking system acquires the tool tracker
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position.

[0097] The tool tracker mounted on the tool 30 may
also serve to detect a misalignment between the tool 30
and the tool guide 11 before transitioning the guiding
system from the second guiding configuration to the first
guiding configuration. Thus, if such a misalignment is
detected, it may be corrected, either manually by the user
of the guiding system or automatically by the guiding
system, so that the transition of the guiding system from
the second guiding configuration to the first guiding con-
figuration is not hindered or prevented by such a mis-
alignment.

[0098] The guiding system may further comprise a
patient tracker adapted to be positioned and/or oriented
in a fixed relationship relative to a surgical target 50. The
patient tracker is mounted in a fixed relationship relative
to the surgical target 50. Thus, a position and/or an
orientation of the patient tracker relative to the surgical
target 50 is known.

[0099] The patienttracker may be of a same or different
nature to that of the tool guide tracker which is mounted
on the tool guide 11, that is to say may be an optical,
electromagnetic, ultrasonic, or inertial tracker. When the
patient tracker, the tool tracker if present, and the tool
guide tracker are optical trackers, a tracking pattern of the
patienttrackeris different from the tracking patterns of the
tool tracker and of the tool guide tracker, so that the
optical tracking system may differentiate the patient
tracker from the tool tracker and the tool guide tracker.
The tracking system is thus adapted to detect, in terms of
position and/or orientation, the patient tracker, the tool
tracker if present, and the tool guide tracker.

[0100] Localizing the tool guide tracker and/or the tool
tracker relative to the patient tracker allows the localiza-
tion of the tool guide 11 and/or the tool 30 relative to the
surgical target 50.

[0101] The patient tracker may be attached to an ana-
tomical structure, for example to the skin or to a bone of
the patient 300, and may be placed next to the surgical
target 50.

[0102] When the patient tracker comprises one or
more tracking patterns, each tracking pattern comprising
at least one reflective marker, preferably at least four
reflective markers, the patient tracker is positioned so
that the localization system is within a range of visibility of
at least one tracking pattern of the patient tracker. For
example, the patient tracker may be positioned on the
patient 300 before the surgical act. Thus, the patient
tracker may be detected and localized at all times during
surgery by the localization system.

[0103] A surgical robotic system, as illustrated by way
of a non-limiting example in figure 1, may comprise a
robotic arm 100 comprising the guiding system as dis-
closed above, a tracking system configured to determine
a position and/or orientation of the tool guide 11 and/or
the tool 30 relative to a surgical target 50, a control unit
coupled to the tracking system and configured to control
the robotic arm 100 to align the tool 30 with the surgical
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target 50, and a display unit 40 adapted to configure a
guiding of the tool guide 11 and/or the tool 30.

[0104] The robotic arm 100 may comprise an end
effector 10. The tool guide 11 is adapted to be mounted
on the end effector 10. The robotic arm 100 may further
comprise an end grip allowing manipulation of the robotic
arm 100 by a user.

[0105] The display unit 40 may be configured so as to
allow the user to plan the surgical intervention and/or to
select a guiding configuration of the guiding system. The
guiding system may be configured to automatically move
the tool guide 11 and/or the tool 30 in order to achieve the
desired configuration selected by the user. The display
unit 40 may further be adapted to display information
relative to the guiding of the tool 30 by the guiding system
during the surgical intervention.

[0106] The surgical robotic system may comprise a
base 400. The robotic arm 100 of the surgical robotic
system is fixed to the base 400. The base 400 may be
mobile on the ground, so that the user can move the base
400 in the operation room.

[0107] The surgical robotic system may comprise an
imaging system 500, such as an X-ray imaging system
comprising a C-arm. The imaging system 500 acquires
2D or 3D images of the patient 300 during the surgical
procedure, so as to provide the surgeon with information
about the anatomical situation of the patient 300 and/or
the position and orientation of the tool 30 during surgery.
The surgical robotic system comprising the imaging sys-
tem 500 also comprises the tracking system configured to
determine the position and orientation of the tool guide 11
and/or the tool 30 relative to a surgical target.

[0108] A non-claimed method for guiding a tool 30 with
a surgical robotic system as disclosed above relative to a
surgical target 50, wherein the surgical target 50 com-
prises a surgical target channel 51 directed along a
surgical target axis S, comprises the following steps:

S1: estimating a position of the tool 30 relative to the
surgical target 50, comprising a step S11 of detect-
ing, by a tracking system, at least one tool guide
tracker mounted in a fixed relationship relative to the
tool guide 11 and at least one patient tracker
mounted in afixed relationship relative to the surgical
target 50;

S2: positioning the tool guide 11 so that the tool 30 is
positioned at a predetermined distance from the
surgical target channel 51;

S22: orienting the tool guide 11 so that the tool axis T
is substantially aligned with the surgical target axis S;
S3: guiding the tool 30 in the first guiding configura-
tion so as to partially insert said tool 30 inside the
surgical target channel 51;

S4: guiding the tool 30 in the second guiding config-
uration so as to insert said tool 30 deeper inside the
surgical target channel 51.

[0109] This method offers both a rigid guiding and a
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more flexible guiding of the surgical robotic system by the
guiding system, thus presents substantially similar ad-
vantages to those described above concerning the guid-
ing system. In particular, the method allows to minimize
the workload of the surgeon while efficiently assisting the
surgeon, in order to optimize the guiding and the final
result of the surgical procedure.

[0110] Transitioning the surgical robotic system from
the first guiding configuration to the second guiding con-
figuration may be performed by translating along the tool
guide axis X the first and second coupling links 21, 22
relative to the tool guide 11 along a predetermined transi-
tion length L4. In other words, the predetermined transi-
tion length L4 corresponds to the distance along the tool
guide axis X that the firstand second coupling links 21, 22
have to be moved so as to transition the guiding system
from the first guiding configuration to the second guiding
configuration. The predetermined transition length L4
may correspond to a few millimeters, or to a few cen-
timeters.

[0111] The step S1 may comprise a step of detecting
and localizing the tool guide tracker relative to the patient
tracker. As the position and/or orientation of the tool guide
11 relative to the tool guide tracker is known and the
position and/or orientation of the surgical target 50 re-
lative to the patient tracker is known, the position and/or
orientation of the tool 30 relative to the surgical target 50
can correspondingly be deduced.

[0112] The step S2 may be performed manually by a
user of the surgical robotic system, or automatically by
the surgical robotic system. During the positioning, the
guiding system may be in the first guiding configuration.
The tool 30 may be positioned so as to face the surgical
target channel 51, a tip of the tool 30 being located on the
surgical target axis S, the tool 30 being separated from
the surgical target channel 51 by the predetermined
distance. More specifically, the predetermined distance
may be a distance in a direction of the surgical target axis
S between the surgical target channel 51 and the tip of the
tool 30.

[0113] The predetermined distance is such that a posi-
tion of a tip of the tool 30, for example a tip of the drill or a
tip of the screw 33 mounted on the screwdriver, corre-
sponds substantially to a position of the first end of the
surgical target channel 51. For example, the tip of the
screw 33 may be positioned substantially at the entry
point into the bone 310 when the tool 30 is positioned at
the predetermined distance from the surgical target
channel 51. Figure 9 illustrates a non-limiting example
of a guiding system wherein the tool 30 is positioned at
the predetermined distance from the surgical target
channel 51, the tip of the screw 33 being positioned
substantially at the entry point into the bone 310.
[0114] The step S22 may be performed manually by a
user of the surgical robotic system, or automatically by
the surgical robotic system. In the non-limiting example of
figure 9, the tool 30, the intermediate part 60 and the tool
guide 11 are substantially parallel to each other, the tool
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guide axis X and the tool axis T being parallel, and the tool
axis T is aligned with, that is to say substantially coincides
with, the surgical target axis S.

[0115] The step S3 of guiding the surgical robotic sys-
tem in the first guiding configuration allows arigid guiding
of the tool 30 relative to the surgical target 50, the guiding
system being in the first guiding configuration. The guid-
ing may be performed in step S3 so as to reduce a
distance between the tool 30 and the surgical target
channel 51 and/or so as to partially insert the tool 30
inside the surgical target channel 51.

[0116] More specifically, the step S3 may correspond
to a translation of the tool 30 along the tool guide axis X of
a distance corresponding substantially to the predeter-
mined transition length L4 and may further include a
rotation of the tool 30 around the tool axis T. Thus, if
the tip of the tool 30 is positioned substantially at the first
end of the surgical target channel 51 in step S2, then
during step S3, the tool 30 is inserted inside the surgical
target channel 51 along a distance which corresponds to
the predetermined transition length L4. For example, the
drill is inserted inside the bone 310, or the screw 33 is
inserted inside the drilled hole, along a distance which
corresponds to the predetermined transition length L4. At
the end of step S3, the tool 30 is partially inserted in the
surgical target channel 51, and the guiding system tran-
sitions from the first guiding configuration to the second
guiding configuration.

[0117] The surgical target channel 51 may present a
length along the surgical target axis S which is greater
than the predetermined transition length L4. Thus, a
transition between the first guiding configuration and
the second guiding configuration of the guiding system
occurs when the tool 30, such as the screw 33 mounted
on the screwdriver, or the drill, is inserted inside the
surgical target channel 51 along the predetermined tran-
sition length L4, the screw 33 or drill being partially
inserted inside the surgical target channel 51.

[0118] Figure 10 illustrates a non-limiting example of a
guiding system having just transitioned to the second
guiding configuration, the guiding system comprising a
screw 33 which is partially inserted in the surgical target
channel 51.

[0119] The step S4 of guiding the surgical robotic sys-
tem in the second guiding configuration allows a more
flexible guiding of the tool 30 relative to the surgical target
50, in order to insert the tool 30 deeper inside the surgical
target channel 51. Figure 3 illustrates a non-limiting ex-
ample of a surgical robotic system in a configuration
where the screw 33 is partially inserted in the surgical
target channel 51 and the guiding system s in the second
guiding configuration, the second guiding configuration
allowing a translation of the tool 30 relative the tool guide
11 along the tool guide axis X and an inclination of the tool
30 relative the tool guide axis X, as well as the rotation of
the tool 30 around the tool axis T. Figure 6 illustrates a
surgical target channel 51 into which a screw 33 is fully
inserted.

10

15

20

25

30

35

40

45

50

55

13

[0120] The step S4 of guiding the surgical robotic
system in the second guiding configuration may com-
prise a step S41 of adjusting a relative position and/or
orientation of the tool 30 with respect to the surgical target
50 in the at least one additional degree of freedom,
wherein said step S41 is performed manually by a user
of the surgical robotic system.

[0121] The predetermined distance from the surgical
target channel 51 at which the tool 30 is positioned in step
S2 may correspond to a distance L3 between the tool
guide 11 and the surgical target channel 51, more spe-
cifically to a distance L3 between the distal end of the tool
guide 11 and the first end of the surgical target channel 51
during said step S2.

[0122] The predetermined distance atwhich the tool 30
is positioned in step S2 may be determined depending at
least on a length of the tool L1+L2. The length of the tool
L1+L2 corresponds to a distance between a tip of the tool
30 and a proximal end of the first coupling link 21, 22,
more specifically to a distance between the tip of the tool
30 and the additional coupling link of the first coupling link
21, 22. A position of the proximal end of the first coupling
link 21, 22 may substantially correspond to a proximal
position of the connecting section 23, the connecting
section 23 extending radially outwardly from the shaft
32 to mechanically connect the first and second coupling
links 21, 22 to the tool 30.

[0123] The length of the tool L1+L2 may be known, or
may be determined based on the acquisition of the tool
guide tracker and/or the tool tracker by the tracking
system.

[0124] When the tool 30 is a drill, the length of the tool
L1+L2 corresponds to a distance between a tip of the drill
and a proximal end of the first coupling link 21, 22. When
the tool 30 is a screwdriver having a handle 31 and a shaft
32 extending from the handle 31, the tool 30 is considered
to include the screw 33 mounted to the tip of the shaft 32
of the screwdriver. The length of the tool L1+L2 corre-
sponds to a distance between the tip of the screw 33
mounted on the screwdriver and the proximal end of the
firstcoupling link 21, 22. The length of the tool L1+L2 thus
corresponds to a sum of a distance between the proximal
end of the first coupling link 21, 22 to the tip of the shaft 32
of the screwdriver L1, and a length of the screw L2.
[0125] The predetermined distance from the surgical
target channel 51 at which the tool 30 is positioned in step
S2 is thus further determined depending on the length of
the screw L2. The length of the screw L2 may correspond
to a distance between the tip of the screwdriver and a tip
of the screw 33 when the screw 33 is mounted on the
screwdriver. The length of the screw L2 may be known,
for example may be retrieved from a planning of the
surgical procedure. The length L1 of the screwdriver
may be fixed.

[0126] The tool 30 may be positioned in step S2 so that
a tip of the screw 33, or so that a tip of the drill, substan-
tially coincides with the first end of the surgical target
channel 51, as illustrated for example in figure 9. A
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position of the first end of the surgical target channel 51,
which corresponds to the position of the surgical target
channel 51, may be known, for example may be retrieved
from the planning of the surgical procedure.

[0127] The tool 30 is thus moved towards the first end
of the surgical target 50, so that the tip of the tool 30
coincides with the first end of the surgical target channel
51 atthe end of step S2. The tool 30 can then be inserted
in the surgical target channel 50 in steps S3 and S4,
towards the second end of the surgical target channel 50.
[0128] The distance between the tool guide 11 and the
surgical target channel 51 may be determined during the
surgical procedure based on the acquisition of the tool
guide tracker and/or the patient tracker by the tracking
system, and may be controlled by the command of the
surgical robotic system.

[0129] A length of guiding in first guiding configuration
corresponds substantially to the predetermined transi-
tion length L4.

[0130] The predetermined transition length L4 corre-
sponds to a distance between the distal end of the tool
guide 11 and the first coupling link 21, 22, more specifi-
cally between the distal end of the tool guide 11 and the
proximal end of the additional coupling link of the first
couplinglink 21,22, when the tool 30 and tool guide 11 are
positioned at the beginning of the surgical procedure.
[0131] The predetermined transition length L4 may be
equal to 0, in order to begin the surgical procedure with a
system in the second guiding configuration. During the
surgical procedure, the system may punctually transition
from the second guiding configuration to the first guiding
configuration.

[0132] The predetermined transition length L4 may be
inputted by the user of the surgical robotic system before
the surgery. The input of the predetermined transition
length L4 may be done through a main interface of the
surgical robotic system, typically a touch screen interface
that allows the surgeon to plan the surgical procedure,
follow the navigation and set up other parameters of the
surgical systems. In the case of the predetermined tran-
sition length L4, it may be inputted during the planning
phase.

[0133] The predetermined distance atwhichthetool 30
is positioned in step S2 may also be inputted by the user
of the surgical robotic system before the surgery, for
example during the planning phase.

[0134] During step S2, the tool 30 may be positioned
such that the length of the tool L1+L2 corresponds sub-
stantially to a sum of the predetermined distance at which
the tool 30 is positioned in step S2, which corresponds
during step S2 to the distance L3 between the tool guide
11 and the surgical target channel 51, and the predeter-
mined transition length L4: L1+L2 = L3+L4.

Claims

1. Guiding system for a surgical robotic system, com-
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prising a tool guide (11) extending substantially
around a tool guide axis (X), a tool (30) extending
substantially around a tool axis (T), an intermediate
part (60) mounted on the tool (30) so that the tool (30)
and the intermediate part (60) are integral in transla-
tion and so that the tool (30) is mobile relative to the
intermediate part (60) in rotation around the tool axis
(T), and a first coupling link (21, 22) adapted to
couple the intermediate part (60) and the tool guide
(11), wherein the guiding system presents a first
guiding configuration in which the first coupling link
(21, 22) couples the intermediate part (60) and the
tool guide (11) so that the intermediate part (60) and
the tool guide (11) are mobile relative to each other
according to a unique first degree of freedom, the first
degree of freedom corresponding to a translation
along the tool guide axis (X), characterized in that
the guiding system further comprises a second cou-
pling link (22) adapted to couple the intermediate
part (60) and the tool guide (11), and in that the
guiding system presents a second guiding config-
uration in which the second coupling link (22) cou-
ples the intermediate part (60) and the tool guide (11)
so that the intermediate part (60) and the tool guide
(11) are mobile relative to each other according to the
first degree of freedom and according to at least one
additional degree of freedom.

Guiding system for a surgical robotic system accord-
ing to claim 1, wherein the at least one additional
degree of freedom comprises an inclination of the
tool (30) relative to the tool guide axis (X).

Guiding system for a surgical robotic system accord-
ing to claim 1 or claim 2, wherein the at least one
additional degree of freedom comprises a translation
of the tool (30) in a plane perpendicular to the tool
guide axis (X).

Guiding system for a surgical robotic system accord-
ing to claim 3, wherein the second coupling link (22)
is at least partially made of an elastic material, such
that a deformation of said elastic material of the
second coupling link (22) allows said translation of
the tool (30) in the plane perpendicular to the tool
guide axis (X).

Guiding system for a surgical robotic system accord-
ing to any one of claims 1 to 4, wherein the first
coupling link (21, 22) and/or the second coupling
link (22) includes a slide link directed along the tool
guide axis (X) or a ball joint.

Guiding system for a surgical robotic system accord-
ing to any one of claims 1 to 5, wherein the tool (30) is
a screwdriver having a handle (31) and a shaft (32)
extending from the handle (31).
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Guiding system for a surgical robotic system accord-
ing to any one of claims 1 to 6, wherein the first and
second coupling links (21, 22) and the intermediate
part (60) are rigidly secured to each other so as to be
moved together.

Guiding system for a surgical robotic system accord-
ing to any one of claims 1 to 7, wherein the first and
second coupling links (21, 22) are configured so that
a transition between the first guiding configuration
and the second guiding configuration is achieved by
translating the first and second coupling links (21,
22) relative to the tool guide (11) along the tool guide
axis (X).

Guiding system for a surgical robotic system accord-
ing to any one of claims 1 to 8, wherein the first
coupling link (21, 22) is adapted to be located inside
the tool guide (11) in the first guiding configuration
and at least partially outside the tool guide (11) in the
second guiding configuration.

Guiding system for a surgical robotic system accord-
ing to any one of claims 1 to 9, wherein the tool (30)
and the intermediate part (60) are adapted to be at
least partially inserted substantially radially inside
the tool guide (11), the first and second coupling
links (21, 22) being arranged on the intermediate
part (60).

Guiding system for a surgical robotic system accord-
ing to any one of claims 1to 9, wherein the tool (30) is
adapted to be mounted radially outside the tool guide
(11), thefirstand second couplinglinks (21, 22) being
atleast partially inserted in sliding engagement with-
in the tool guide (11) and comprising a connecting
section (23) extending radially outwardly to mechani-
cally connect the first and second coupling links (21,
22) to the intermediate part (60).

Guiding system for a surgical robotic system accord-
ing to any one of claims 1 to 11, further comprising
blocking means (65) adapted to prevent a rotation of
the intermediate part (60) relative to the tool guide
(11) around the tool axis (T).

Guiding system for a surgical robotic system accord-
ing to any one of claims 1 to 12, wherein the tool
guide (11) comprises a tracker adapted to be de-
tected by a tracking system in order to determine a
position and orientation of the tool guide (11) relative
to a surgical target (50).

Guiding system for a surgical robotic system accord-
ing to claim 13, wherein the tool (30) comprises a
tracker adapted to be detected by the tracking sys-
temin order to determine a position and orientation of
the tool (30) relative to the tool guide (11) and/or to
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the surgical target (50).

15. Surgical robotic system, comprising a robotic arm

comprising the guiding system according to claim 13
or 14, a tracking system configured to determine a
position and orientation of the tool guide (11) and/or
the tool (30) relative to a surgical target (50), a control
unit coupled to the tracking system and configured to
control the robotic arm to align the tool (30) with the
surgical target (50), and a display unit (40) adapted to
configure a guiding of the tool guide (11) and/or the
tool (30).

Patentanspriiche

1.

Flhrungssystem fir ein chirurgisches Robotersys-
tem, bestehend aus einer Werkzeugfiihrung (11), die
sich im Wesentlichen um eine Werkzeugfiihrung-
sachse (X) herum erstreckt, einem Werkzeug (30),
das sich im Wesentlichen um eine Werkzeugachse
(T) herum erstreckt, einem Zwischenteil (60), das so
am Werkzeug (30) montiert ist, dass das Werkzeug
(30) und das Zwischenteil (60) einen integralen Be-
standteil der Ubersetzung bilden und dass das
Werkzeug (30) relativ zum Zwischenteil (60) in Ro-
tation um die Werkzeugachse (T) beweglich ist, und
einem ersten Koppelglied (21, 22), so angepasst, um
das Zwischenteil (60) und die Werkzeugfthrung (11)
zu koppeln, wobei das Fihrungssystem eine erste
Fihrungskonfiguration aufweist, bei der das erste
Koppelglied (21, 22) das Zwischenteil (60) und die
Werkzeugfiihrung (11) koppelt, sodass das Zwi-
schenteil (60) und die Werkzeugfuhrung (11) relativ
zueinander gemal einem einzigartigen ersten Frei-
heitsgrad beweglich sind, wobei der erste Freiheits-
grad einer Ubersetzung entlang der Werkzeugfiih-
rungsachse (X) entspricht, dadurch gekennzeich-
net, dass das Fihrungssystem ferner ein zweites
Koppelglied (22) umfasst, so angepasst, um das
Zwischenteil (60) und die Werkzeugfihrung (11)
zu koppeln, und wobei das Flhrungssystem eine
zweite Fuhrungskonfiguration aufweist, bei der das
zweite Koppelglied (22) das Zwischenteil (60) und
die Werkzeugfihrung (11) koppelt, sodass das Zwi-
schenteil (60) und die Werkzeugfiihrung (11) relativ
zueinander gemall dem ersten Freiheitsgrad und
gemal mindestens einem zusatzlichen Freiheits-
grad beweglich sind.

Flhrungssystem fiir ein chirurgisches Robotersys-
tem nach Anspruch 1, wobei der mindestens ein
zusatzlicher Freiheitsgrad eine Neigung des Werk-
zeugs (30) relativ zur Werkzeugfiihrungsachse (X)
umfasst.

Flhrungssystem fiir ein chirurgisches Robotersys-
tem nach Anspruch 1 oder 2, wobei der mindestens
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ein zusétzlicher Freiheitsgrad eine Ubersetzung des
Werkzeugs (30) in einer Ebene senkrecht zur Werk-
zeugfiihrungsachse (X) umfasst.

Flhrungssystem fiir ein chirurgisches Robotersys-
tem nach Anspruch 3, wobei das zweite Koppelglied
(22) zumindest teilweise aus einem elastischen Ma-
terial besteht, sodass eine Verformung des elasti-
schen Materials des zweiten Koppelglieds (22) die
Verschiebung des Werkzeugs (30) in der Ebene
senkrecht zur Werkzeugfiihrungsachse (X) ermdog-
licht.

Fihrungssystem fiir ein chirurgisches Robotersys-
tem nach einem der Anspriche 1 bis 4, wobei das
erste Koppelglied (21, 22) und/oder das zweite Kop-
pelglied (22) ein entlang der Werkzeugfuhrungsach-
se (X) ausgerichtetes Schiebeglied oder ein Kugel-
gelenk umfasst.

Fihrungssystem fiir ein chirurgisches Robotersys-
tem nach einem der Anspriiche 1 bis 5, wobei es sich
beim Werkzeug (30) um einen Schraubendreher mit
einem Giriff (31) und einem vom Giriff (31) ausgeh-
enden Schaft (32) handelt.

Fihrungssystem fiir ein chirurgisches Robotersys-
tem nach einem der Anspriiche 1 bis 6, wobei die
ersten und zweiten Koppelglieder (21, 22) und das
Zwischenteil (60) starr miteinander verbunden sind,
um gemeinsam bewegt zu werden.

Fihrungssystem fiir ein chirurgisches Robotersys-
tem nach einem der Anspriiche 1 bis 7, wobei die
ersten und zweiten Koppelglieder (21, 22) so konfi-
guriert sind, dass eine Ubersetzung zwischen der
ersten Flhrungskonfiguration und der zweiten Fih-
rungskonfiguration durch Ubersetzen der ersten und
zweiten Koppelglieder (21, 22) relativ zur Werkzeug-
fuhrung (11) entlang der Werkzeugfiihrungsachse
(X) erreicht wird.

Fihrungssystem fiir ein chirurgisches Robotersys-
tem nach einem der Anspriiche 1 bis 8, wobei das
erste Koppelglied (21, 22) so eingerichtetist, dass es
sich in der ersten Fuhrungskonfiguration innerhalb
der Werkzeugfiihrung (11) und in der zweiten Fih-
rungskonfiguration zumindest teilweise auerhalb
der Werkzeugfiihrung (11) befindet.

Fihrungssystem fiir ein chirurgisches Robotersys-
tem nach einem der Anspriiche 1 bis 9, wobei das
Werkzeug (30) und das Zwischenteil (60) so einge-
richtet sind, dass sie zumindest teilweise im Wesent-
lichen radial in die Werkzeugfiihrung (11) eingefiihrt
werden kdénnen, wobei die ersten und zweiten Kop-
pelglieder (21, 22) auf dem Zwischenteil (60) ange-
ordnet sind.
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Flhrungssystem fir ein chirurgisches Robotersys-
tem nach einem der Anspriche 1 bis 9, wobei das
Werkzeug (30) so eingerichtet ist, dass es radial
aulderhalb der Werkzeugfiihrung (11) montiert wer-
den kann, wobei die ersten und zweiten Koppelglie-
der (21, 22) zumindest teilweise in den Schiebeein-
griff innerhalb der Werkzeugfiihrung (11) eingesetzt
sind und einen sich radial nach auRRen erstreckenden
Verbindungsabschnitt (23) umfassen, um die ersten
und zweiten Koppelglieder (21, 22) mechanisch mit
dem Zwischenteil (60) zu verbinden.

Fihrungssystem fiir ein chirurgisches Robotersys-
tem nach einem der Anspriiche 1 bis 11, das ferner
Blockiermittel (65) umfasset, so eingerichtet, dass
sie eine Rotation des Zwischenteils (60) relativ zur
Werkzeugfiihrung (11) um die Werkzeugachse (T)
verhindern.

Fihrungssystem fiir ein chirurgisches Robotersys-
tem nach einem der Ansprliche 1 bis 12, wobei die
Werkzeugfiihrung (11) einen Tracker umfasst, so
eingerichtet, dass er von einem Trackingsystem er-
kanntwerden kann, um Position und Ausrichtung der
Werkzeugfiihrung (11) in Bezug auf ein chirurgi-
sches Ziel (50) zu bestimmen.

Flhrungssystem fir ein chirurgisches Robotersys-
tem nach Anspruch 13, wobei das Werkzeug (30)
einen vom Trackingsystem zu erkennenden Tracker
umfasst, um Position und Ausrichtung des Werk-
zeugs (30) relativ zur Werkzeugfiihrung (11) und/o-
der zum chirurgischen Ziel (50) zu bestimmen.

Chirurgisches Robotersystem, bestehend aus ei-
nem Roboterarm, der das Fihrungssystem nach
Anspruch 13 oder 14 umfasst, einem Trackingsys-
tem, so konfiguriert, dass es Position und Ausrich-
tung der Werkzeugfiihrung (11) und/oder des Werk-
zeugs (30) in Bezug auf ein chirurgisches Ziel (50)
bestimmt, einer mit dem Trackingsystem gekoppel-
ten Steuereinheit, so konfiguriert, dass sie den Ro-
boterarm steuert, um das Werkzeug (30) auf das
chirurgische Ziel (50) auszurichten, und einer Anzei-
geeinheit (40), so eingerichtet, dass sie eine Fiih-
rung der Werkzeugftihrung (11) und/oder des Werk-
zeugs (30) konfiguriert.

Revendications

Systéme de guidage pour un systéme robotique
chirurgical, comprenant un guide d’outil (11) s’éten-
dantsensiblement autour d’'un axe de guidage d’outil
(X), un outil (30) s’étendant sensiblement autour
d’'un axe doutil (T), une piece intermédiaire (60)
montée sur I'outil (30) de sorte que 'outil (30) et la
piéce intermédiaire (60) sont solidaires en transla-
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tion et que I'outil (30) est mobile par rapportala piece
intermédiaire (60) en rotation autour de I'axe d’outil
(T), et un premier lien de couplage (21, 22) adapté
pour coupler la piéce intermédiaire (60) et le guide
d’outil (11), dans lequel le systéme de guidage pré-
sente une premiére configuration de guidage dans
laquelle le premier lien de couplage (21, 22) couplela
piece intermédiaire (60) et le guide d’outil (11) de
sorte que la piéce intermédiaire (60) et le guide
d’outil (11) sont mobiles I'un par rapport a 'autre
selon un premier degré de liberté unique, le premier
degré de liberté correspondant a une translation le
long de I'axe du guide d’outil (X), caractérisé en ce
que le systéme de guidage comprend en outre une
deuxiéme liaison de couplage (22) adaptée pour
coupler la piece intermédiaire (60) et le guide d’outil
(11), et en ce que le systéme de guidage présente
une seconde configuration de guidage dans laquelle
le second lien de couplage (22) couple la piéce
intermédiaire (60) et le guide d’'outil (11) de sorte
que la piece intermédiaire (60) et le guide d’outil (11)
sont mobiles I'un par rapport a l'autre selon le pre-
mier degré de liberté et selon au moins un degré de
liberté supplémentaire.

Systéme de guidage pour un systéme robotique
chirurgical selon la revendication 1, dans lequel
lau moins un degré de liberté supplémentaire
comprend une inclinaison de I'outil (30) par rapport
a I'axe de guidage de I'outil (X).

Systéme de guidage pour un systéme robotique
chirurgical selon la revendication 1 ou la revendica-
tion 2, dans lequel 'au moins un degré de liberté
supplémentaire comprend une translation de I'outil
(30) dans un plan perpendiculaire a I'axe (X) du
guide d’outil.

Systéme de guidage pour un systéme robotique
chirurgical selon la revendication 3, dans lequel le
second lien de couplage (22) est au moins partiel-
lement constitué d’un matériau élastique, de sorte
qu’une déformation dudit matériau élastique du se-
cond lien de couplage (22) permet ladite translation
de I'outil (30) dans le plan perpendiculaire a I'axe de
guidage de l'outil (X).

Systéme de guidage pour un systéme robotique
chirurgical selon 'une des revendications 1 a4, dans
lequel le premier lien de couplage (21, 22) et/ou le
second lien de couplage (22) comprend une liaison
coulissante dirigée le long de I'axe de guidage de
I'outil (X) ou un joint a rotule.

Systéeme de guidage pour un systéme robotique
chirurgical selon 'une des revendications 1a 5, dans
lequel I'outil (30) est un tournevis doté d’'un manche
(31) et d’une tige (32) s’étendant a partir du manche
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(31).

Systéme de guidage pour un systéme robotique
chirurgical selon'une des revendications 1 a6, dans
lequel les premier et deuxiéme liens d’accouplement
(21, 22) et la partie intermédiaire (60) sont fixés
rigidement I'un a l'autre de maniére a pouvoir étre
déplacés ensemble.

Systéme de guidage pour un systéme robotique
chirurgical selon 'une des revendications 1 a7, dans
lequel les premier et deuxieme liens de couplage
(21, 22) sont configurés de sorte que une transition
entre la premiére configuration de guidage et la
deuxiéme configuration de guidage est réalisée
par la translation des premier et deuxiéme liens de
couplage (21, 22) par rapport au guide d’outil (11) le
long de I'axe de guide d’outil (X).

Systeme de guidage pour un systéme robotique
chirurgical selon l'une quelconque des revendica-
tions 1 a 8, dans lequel le premier lien de couplage
(21, 22) est adapté pour étre situé a I'intérieur du
guide d’outil (11) dans la premiére configuration de
guidage et au moins partiellement a I'extérieur du
guide d’outil (11) dans la deuxiéme configuration de
guidage.

Systéme de guidage pour un systéme robotique
chirurgical selon 'une des revendications 1 a9, dans
lequel I'outil (30) et la partie intermédiaire (60) sont
adaptés pour étre au moins partiellementinsérés de
maniére sensiblement radiale a I'intérieur du guide
d’outil (11), les premier et deuxiéme liens de cou-
plage (21, 22) étant disposés sur la partie intermé-
diaire (60).

Systéme de guidage pour un systéme robotique
chirurgical selon'une des revendications 129, dans
lequel I'outil (30) est adapté pour étre monté radia-
lement a I'extérieur du guide d’outil (11), les premier
et deuxiéme liens de couplage (21, 22) étant au
moins partiellement insérés en engagement coulis-
sant dans le guide d’outil (11) et comprenant une
section de connexion (23) s’étendant radialement
vers |'extérieur pour relier mécaniquement les pre-
mier et deuxiéme liens de couplage (21, 22) a la
partie intermédiaire (60).

Systéme de guidage pour un systéme robotique
chirurgical selon I'une quelconque des revendica-
tions 1 & 11, comprenant en outre des moyens de
blocage (65) adaptés pour empécherlarotationdela
partie intermédiaire (60) par rapport au guide d’outil
(11) autour de I'axe de l'outil (T).

Systéme de guidage pour un systéme robotique
chirurgical selon 'une des revendications 1 a 12,
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dans lequel le guide d’outil (11) comprend un traceur
adapté pour étre détecté par un systéme de suivi afin
de déterminer une position et une orientation du
guide d’outil (11) par rapport a une cible chirurgicale
(50).

Systéeme de guidage pour un systéme robotique
chirurgical selon la revendication 13, dans lequel
I'outil (30) comprend un traceur adapté pour étre
détecté par le systéme de suivi afin de déterminer
une position et une orientation de I'outil (30) par
rapport au guide d’outil (11) et/ou a la cible chirurgi-
cale (50).

Systéme robotique chirurgical, comprenant un bras
robotique comprenant le systéme de guidage selon
la revendication 13 ou 14, un systéme de suivi confi-
guré pour déterminer une position et une orientation
du guide d’outil (11) et/ou de 'outil (30) par rapport a
une cible chirurgicale (50), une unité de commande
couplée au systéme de suivi et configurée pour
commander le bras robotique afin d’aligner I'outil
(30) avec la cible chirurgicale (50), et une unité
d’affichage (40) adaptée pour configurer un guidage
du guide d’outil (11) et/ou de I'outil (30).
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FIG. 8b
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